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Description
[Technical Field]

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The presentapplication claims the benefit of priorities to Korean Patent Application No. 10-2020-0039060, filed
on March 31, 2020, Korean Patent Application No. 10-2020-0039067, filed on March 31, 2020, Korean Patent Application
No. 10-2020-0039076, filed on March 31, 2020, Korean Patent Application No. 10-2020-0039074, filed on March 31,
2020, Korean Patent Application No. 10-2020-0039065, filed on March 31, 2020, Korean Patent Application No.
10-2020-0039071, filed on March 31, 2020, and Korean Patent Application No. 10-2020-0172992, filed on December
11, 2020, the entire contents of which are incorporated herein by reference.

Technical Field

[0002] The presentinvention relates to a carboxylic acid-modified nitrile-based copolymer latex capable of producing
a dip-molded article having high elasticity and softness, a latex composition for dip molding comprising the copolymer
latex, and a molded article formed of the latex composition.

[Background Art]

[0003] Usage of a disposable rubber glove has increased in various fields such as housework, the food industry, the
electronic industry, and medical fields. In the past, a disposable glove was made by dip molding a natural rubber latex,
but a protein was problematic due to an allergic reaction, such as pain or a rash, in some users. Due to these problems,
recently, a disposable glove formed by dip molding a nitrile-based latex, which has a high tensile strength, an excellent
chemical resistance, and no risk of allergy, has been spotlighted in order to replace natural rubber.

[0004] However, since the nitrile-based rubber glove obtained by using the nitrile-based latex is inferior to a natural
rubber glove in terms of elasticity and softness, the nitrile-based rubber glove still cannot replace the natural rubber
glove in uses such as a surgical glove where excellent wearing comfort and maintenance of adhesion when wearing for
a long time are important.

[0005] Therefore, various studies have been conducted to improve both the softness and elasticity of the glove.
However, conventionally, studies on a change of a cross-linking agent such as changing a ratio between zinc oxide,
sulfur, and a vulcanization accelerator to be added together with the latex in the production of the glove, or adding a
new cross-linking agent have been mainly conducted rather than studies on a latex required for producing a glove having
high elasticity and excellent wearing comfort. However, in a case where the elasticity and softness are improved through
only the change of the cross-linking agent, other physical properties, such as a tensile strength and durability, of the
glove may be deteriorated. In addition, in a case where sulfur or a vulcanization accelerator is excessively used, discol-
oration of the glove or an IV type allergy may occur.

[0006] Therefore, there is a need for development of a latex itself to improve both the elasticity and softness of the
nitrile-based glove.

[Disclosure]
[Technical Problem]

[0007] In order to solve the problems mentioned in the background art, an object of the present invention is to provide
a latex composition for dip molding comprising a carboxylic acid-modified nitrile-based copolymer latex to improve
elasticity and softness of a nitrile-based rubber glove.

[0008] That is, an object of the present invention is to improve elasticity and softness of a nitrile-based rubber glove
formed of a latex composition for dip molding comprising a carboxylic acid-modified nitrile-based copolymer latex by
adjusting a capillary viscosity (CV;) of the carboxylic acid-modified nitrile-based copolymer latex in a swollen state in a
methyl ethyl ketone solvent to a range of 1.0 mm?2/s to 3.0 mm2/s, and adjusting a ratio P of a capillary viscosity (CVp)
of the carboxylic acid-modified nitrile-based copolymer latex in a de-swollen state to the capillary viscosity (CV,) of the
carboxylic acid-modified nitrile-based copolymer latex in the swollen state in the methyl ethyl ketone solvent, to a range
of 0.85 to 1.0.
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[Technical Solution]

[0009] In one general aspect, a latex composition for dip molding comprises a carboxylic acid-modified nitrile-based
copolymer latex satisfying the following General Formula 1 and General Formula 2, wherein the carboxylic acid-modified
nitrile-based copolymerincludes a conjugated diene-based monomer-derived unit, an ethylenic unsaturated nitrile-based
monomer-derived unit, and an ethylenic unsaturated acid monomer-derived unit:

[General Formula 1]

1.0 mm?/s < CVp £ 3.0 mm?/s

[General Formula 2]
0.85 <P £ 1.0, P = CVp/CVp

in General Formulas 1 and 2, CV, represents a capillary viscosity of the carboxylic acid-modified nitrile-based copolymer
latex measured in a swollen state in a methyl ethyl ketone solvent, and CVp represents a capillary viscosity of the
carboxylic acid-modified nitrile-based copolymer latex in a de-swollen state.

[0010] In another general aspect, a latex composition for dip molding comprises the carboxylic acid-modified nitrile-
based copolymer latex and a cross-linking agent composition.

[0011] In still another general aspect, a molded article includes the latex composition for dip molding-derived layer.

[Advantageous Effects]

[0012] According to the carboxylic acid-modified nitrile-based copolymer latex according to the present invention, the
capillary viscosity (CV,) of the carboxylic acid-modified nitrile-based copolymer latex in the swollen state in the methyl
ethyl ketone solvent is adjusted to a range of 1.0 mm2/s to 3.0 mm?/s, and the ratio P of the capillary viscosity (CVp) of
the carboxylic acid-modified nitrile-based copolymer latex in the de-swollen state to the capillary viscosity (CV) of the
carboxylic acid-modified nitrile-based copolymer latex in the swollen state in the methyl ethyl ketone solvent is adjusted
to a range of 0.85 to 1.0, such that elasticity and softness of a molded article produced by using the carboxylic acid-
modified nitrile-based copolymer latex may be improved.

[Description of Drawings]
[0013]

FIG. 1 is a graph showing a change in pH according to an addition amount of KOH.
FIG. 2 is a derivative curve of the addition amount of KOH according to the pH.

[Best Mode]

[0014] Theterms and words used in the description and claims of the presentinvention are not to be construed limitedly
as having general or dictionary meanings but are to be construed as having meanings and concepts meeting the technical
ideas of the present invention, based on a principle that the inventors are able to appropriately define the concepts of
terms in order to describe their own inventions in the best mode.

[0015] The term "a monomer-derived unit" in the present invention may refer to a component, a structure, or a material
itself derived from a monomer, and as a specific example, may refer to a unit formed in the polymer by the introduced
monomer participating in the polymerization reaction during polymerization.

[0016] The term "latex" in the present invention may refer to a polymer or copolymer polymerized by polymerization
being present in a form dispersed in water, and as a specific example, may refer to fine particles of a polymer in a rubber
phase or a copolymer in a rubber phase polymerized by emulsion polymerization being present in a form dispersed in
water in a colloid state.

[0017] The term "derived layer" in the present invention may represent a layer formed from a polymer or a copolymer,
and as a specific example, a layer formed from a polymer or a copolymer by attaching, fixing, and/or polymerizing the
polymer or the copolymer on a dip mold during manufacture of molded article by dip molding.

[0018] The term, "cross-linking agent-derived cross-linking part" in the present invention may refer to a component, a
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structure, or a material itself caused by a compound, or a cross-linking part serving as a cross-linker in a polymer or
between polymers, formed by the action or reaction of the cross-linking agent composition.

[0019] The term "alkyl" in the present invention may refer to a linear or branched saturated monovalent hydrocarbon
of carbon atoms, such as, methyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, and dodecyl, or may
include alkyl substituted by a substituent as well as unsubstituted alkyl.

[0020] The term "aryl" in the present invention may refer to an alkyl group as defined above in which one or more
hydrogen atoms are substituted by an aryl group, such as phenyl, naphthalenyl, and fluorenyl, or may include aryl
substituted by a substituent as well as unsubstituted aryl.

[0021] The term "(meth)acrylate" in the present invention may refer to both acrylate and methacrylate.

[0022] Hereinafter, the present invention will be described in more detail in order to assist in the understanding of the
present invention.

[0023] According to the presentinvention, there is provided a latex composition for dip molding comprising a carboxylic
acid-modified nitrile-based copolymer latex capable of improving elasticity and softness of a molded article. A carboxylic
acid-modified nitrile-based copolymer in the carboxylic acid-modified nitrile-based copolymer latex may include a con-
jugated diene-based monomer-derived unit, an ethylenic unsaturated nitrile-based monomer-derived unit, and an eth-
ylenic unsaturated acid monomer-derived unit.

[0024] The conjugated diene-based monomer constituting the conjugated diene-based monomer-derived unit may be
one or more selected from the group consisting of 1,3-butadiene, 2,3-dimethyl-1,3-butadiene, 2-ethyl-1,3-butadiene,
1,3-pentadiene, and isoprene. As a specific example, the conjugated diene-based monomer may be 1,3-butadiene or
isoprene.

[0025] A content of the conjugated diene-based monomer-derived unit may be 64.5 wt% to 83.5 wt%, or 67.5 wt% to
79.5 wt%, with respect to a total content of the carboxylic acid-modified nitrile-based copolymer. Within this range, a
molded article formed of the latex composition for dip molding comprising the carboxylic acid-modified nitrile-based
copolymer may be excellent in wearing comfort due to its high elasticity and softness.

[0026] The ethylenic unsaturated nitrile-based monomer constituting the ethylenic unsaturated nitrile-based monomer-
derived unit may be one or more selected from the group consisting of acrylonitrile, methacrylonitrile, fumaronitrile, o-
chloronitrile, and o-cyanoethylacrylonitrile. As a specific example, the ethylenic unsaturated nitrile-based monomer may
be acrylonitrile or methacrylonitrile, and as a more specific example, the ethylenic unsaturated nitrile-based monomer
may be acrylonitrile.

[0027] A content of the ethylenic unsaturated nitrile-based monomer-derived unit may be 15 wt% to 30 wt%, or 18
wt% to 28 wt%, with respect to the total content of the carboxylic acid-modified nitrile-based copolymer. Within this range,
the molded article formed of the latex composition for dip molding comprising the carboxylic acid-modified nitrile-based
copolymer may be excellent in wearing comfort due to its high elasticity and softness.

[0028] The ethylenic unsaturated acid monomer constituting the ethylenic unsaturated acid monomer-derived unit
may be an ethylenic unsaturated monomer having an acid group such as a carboxyl group, a sulfonic acid group, or an
acid anhydride group. As a specific example, the ethylenic unsaturated acid monomer may include one or more selected
from the group consisting of an ethylenic unsaturated acid monomer such as acrylic acid, methacrylic acid, itaconic acid,
maleic acid, or fumaric acid; polycarboxylic acid anhydride such as maleic acid anhydride or citraconic acid anhydride;
an ethylenic unsaturated sulfonic acid monomer such as styrenesulfonic acid; and an ethylenic unsaturated polycarboxylic
acid partial ester monomer such as monobutyl fumarate, monobutyl maleate, or mono-2-hydroxypropyl maleate. As a
more specific example, the ethylenic unsaturated acid monomer may be one or more selected from the group consisting
of acrylic acid, methacrylic acid, itaconic acid, maleic acid, and fumaric acid. As a still more specific example, the ethylenic
unsaturated acid monomer may be methacrylic acid. The ethylenic unsaturated acid monomer may be used in a form
of a salt such as an alkali metal salt or an ammonium salt during polymerization.

[0029] A content of the ethylenic unsaturated acid monomer-derived unit may be 1.5 wt% to 5.5 wt%, or 2.5 wt% to
4.5 wt%, with respect to the total content of the carboxylic acid-modified nitrile-based copolymer. Within this range, the
molded article formed of the latex composition for dip molding comprising the carboxylic acid-modified nitrile-based
copolymer may be excellent in wearing comfort due to its high elasticity and softness.

[0030] The carboxylic acid-modified nitrile-based copolymer latex of the present invention may further selectively
include an ethylenic unsaturated monomer-derived unit, in addition to the conjugated diene-based monomer-derived
unit, the ethylenic unsaturated nitrile-based monomer-derived unit, and the ethylenic unsaturated acid monomer-derived
unit.

[0031] The ethylenic unsaturated monomer constituting the ethylenic unsaturated monomer-derived unit may be one
or more selected from the group consisting of a hydroxyalkyl (meth)acrylate monomer having 1 to 4 carbon atoms; a
vinyl aromatic monomer selected from the group consisting of styrene, alkylstyrene, and vinyl naphthalene; a fluoroalkyl
vinyl ether monomer such as fluoro ethyl vinyl ether; an ethylenic unsaturated amide monomer selected from the group
consisting of (meth)acrylamide, N-methylol (meth)acrylamide, N,N-dimethylol (meth)acrylamide, N-methoxymethyl
(meth)acrylamide, and N-propoxymethyl (meth)acrylamide; a non-conjugated diene monomer such as vinyl pyridine,
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vinyl norbornene, dicyclopentadiene, or 1,4-hexadiene; and an ethylenic unsaturated carboxylic acid ester monomer
selected from the group consisting of methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, trifluoroethyl (meth)acrylate, tetrafluoropropyl (meth)acrylate, dibutyl maleate, dibutyl fumarate, diethyl
maleate, methoxymethyl (meth)acrylate, ethoxyethyl (meth)acrylate, methoxyethoxyethyl (meth)acrylate, cyanomethyl
(meth)acrylate, 2-cyanoethyl (meth)acrylate, 1-cyanopropyl (meth)acrylate, 2-ethyl-6-cyanohexyl (meth)acrylate, 3-cy-
anopropyl (meth)acrylate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, glycidyl (meth)acrylate, and
dimethylamino ethyl (meth)acrylate.

[0032] In a case where the ethylenic unsaturated monomer-derived unit is selectively included in the carboxylic acid-
modified nitrile-based copolymer, a content of the ethylenic unsaturated monomer-derived unit may be 0.5 wt% to 5
wt% with respect to the total content of the carboxylic acid-modified nitrile-based copolymer. Within this range, it is
possible to improve properties such as a tensile strength of the molded article formed of the latex composition for dip
molding comprising the carboxylic acid-modified nitrile-based copolymer.

[0033] The carboxylic acid-modified nitrile-based copolymer latex of the present invention has a monomer composition
in which the contents of the ethylenic unsaturated nitrile-based monomer and the ethylenic unsaturated acid monomer
are optimized, such that the elasticity and softness of the molded article formed of the carboxylic acid-modified nitrile-
based copolymer latex are improved.

[0034] Inthe presentinvention, features of the latex that have never been applied before may be applied by controlling
not only the monomer composition in the carboxylic acid-modified nitrile-based copolymer latex but also process factors
of a preparation method described below.

[0035] Specifically, first, a preparation method of the carboxylic acid-modified nitrile-based copolymer latex includes
a polymerization step of adding and polymerizing a conjugated diene-based monomer, an ethylenic unsaturated nitrile-
based monomer, and an ethylenic unsaturated acid monomer into a polymerization reactor.

[0036] The polymerization step is performed to form a main chain of the carboxylic acid-modified nitrile-based copol-
ymer latex, and the polymerization is performed by emulsion polymerization. In this case, the monomers are first added
to the polymerization reactor prior to a polymerization reaction in the types and contents described above. The monomers
may be separately added, added at the same time, or continuously added. For example, in a case where the monomers
are added at the same time, the conjugated diene-based monomer, the ethylenic unsaturated nitrile-based monomer,
and the ethylenic unsaturated acid monomer may be added to the polymerization reactor at the same time. In addition,
in a case where the monomers are separately added, the monomers may be separately added by primarily adding a
part of the monomers to the polymerization reactor and secondarily adding the remaining monomers to the polymerization
reactor. As a specific example, in the primary addition, the ethylenic unsaturated nitrile-based monomer and the ethylenic
unsaturated acid monomer may be added, and in the secondary addition, the conjugated diene-based monomer may
be added.

[0037] In addition, in a case where the monomers are added prior to the polymerization reaction, additives such as
an emulsifier and a chain transfer agent and a medium may be added at the same time or may be separately added
after the monomers are added and stirring is started. For example, in the case where the monomers are added at the
same time prior to the polymerization reaction, the additives and the medium may be added after the addition of the
monomers. In the case where the monomers are separately added prior to the polymerization reaction, the additives
and the medium may be added between the primary addition and the secondary addition. In a case where the monomers
are first added prior to the addition of the additives and the medium and then stirring is performed, the composition and
amounts of the monomers dissolved in an aqueous phase at the beginning of the polymerization reaction are affected,
which affects a molecular weight of the carboxylic acid-modified nitrile-based copolymer to be polymerized or an acid
distribution of the copolymer in latex particles.

[0038] Thereafter,in the polymerization step, the polymerization reaction is started by adding a polymerization initiator,
and the conjugated diene-based monomer, the ethylenic unsaturated nitrile-based monomer, and the ethylenic unsatu-
rated acid monomer may be added first, second, and third during the polymerization reaction, that is, may be separately
added in the nth order depending on the types of the monomers.

[0039] As such, in the case where the monomers are separately added by controlling the timing of addition of the
monomers during the polymerization reaction, when a monomer-derived unit is formed from each monomer in the
carboxylic acid-modified nitrile-based copolymer, a distribution of the monomers according to a difference in reaction
speed of each monomer may be uniform. Therefore, a balance between physical properties of the molded article produced
by using the carboxylic acid-modified nitrile-based copolymer may be improved.

[0040] In addition, in the case where the monomers are separately added during the polymerization reaction, the
additives such as the emulsifier and the chain transfer agent and the medium may be separately added accordingly. In
this case, the distribution of the monomers according to the difference in reaction speed of each monomer may be easily
controlled, and a balance between physical properties of the molded article produced by using the carboxylic acid-
modified nitrile-based copolymer may be improved.

[0041] One or more selected from the group consisting of an anionic surfactant, a nonionic surfactant, a cationic
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surfactant, and an amphoteric surfactant may be used as the emulsifier. As a specific example, the emulsifier may be
one or more anionic surfactants selected from the group consisting of alkyl benzene sulfonate, aliphatic sulfonate, a
higher alcohol sulfate ester salt, a-olefin sulfonate, and alkyl ether sulfate. In addition, the emulsifier is added in an
amount of 2 parts by weight to 4 parts by weight with respect to a total content of 100 parts by weight of the monomers
to be added in the polymerization step. In general, when the amount of the emulsifier is large, a particle size of the
particle of the carboxylic acid-modified nitrile-based copolymer is reduced, resulting in excellent stability, whereas, in
the production process of the molded article, it is difficult to remove the emulsifier and the amount of foam generated is
increased, which makes it difficult to produce the molded article.

[0042] The chain transfer agent may include one or more selected from the group consisting of a-methylstyrene dimer;
mercaptans such as t-dodecyl mercaptan, n-dodecyl mercaptan, and octyl mercaptan; halogenated hydrocarbon such
as carbon tetrachloride, methylene chloride, or methylene bromide; and a sulfur-containing compound such as tetrae-
thylthiuram disulfide, dipentamethylenethiuram disulfide, or diisopropyl xanthogen disulfide. As a specific example, the
chain transfer agent may be mercaptans. The chain transfer agent may be added in an amount of 0.2 parts by weight
to 0.9 parts by weight with respect to the total content of 100 parts by weight of the monomers to be added in the
polymerization step. Within the above range, physical properties of the molded article may be excellent.

[0043] As a specific example, deionized water may be used as the medium. A temperature of the water used as the
medium during the polymerization of the carboxylic acid-modified nitrile-based copolymer may be 45°C to 80°C. In
general, emulsion polymerization is performed using water at room temperature as polywater. However, in a case where
the high-temperature water is used as polywater, the composition and amounts of the monomers dissolved in the aqueous
phase and the amounts of the emulsifier and the chain transfer agent are affected, which affects the acid distribution of
the copolymer to be polymerized in the carboxylic acid-modified nitrile-based copolymer latex particles or an entanglement
degree of the copolymer. In addition, the medium may be added in an amount of 105 parts by weight to 140 parts by
weight with respect to the total content of 100 parts by weight of the monomers to be added in the polymerization step.
[0044] When the carboxylic acid-modified nitrile-based copolymer is polymerized, an additive such as a chelating
agent, a dispersant, a pH adjuster, a deoxidizer, a particle size adjuster, an anti-aging agent, or an oxygen scavenger
may be further added, if necessary.

[0045] The polymerization reaction may be started by adding a polymerization initiator.

[0046] A radical initiator may be used as the polymerization initiator. It is possible to use one or more selected from
the group consisting of inorganic peroxide such as sodium persulfate, potassium persulfate, ammonium persulfate,
potassium perphosphate, or hydrogen peroxide; organic peroxide such as diisopropylbenzene hydroperoxide, t-butyl
hydroperoxide, cumene hydroperoxide, p-menthane hydroperoxide, di-t-butyl peroxide, t-butylcumyl peroxide, acetyl
peroxide, isobutyl peroxide, octanoyl peroxide, benzoyl peroxide, 3,5,5-trimethylhexanol peroxide, or t-butyl peroxy
isobutylate; and a nitrogen compound such as azobisisobutyronitrile, azobis-2,4-dimethylvaleronitrile, azobiscyclohex-
anecarbonitrile, or methyl azobis(isobutyrate). As a specific example, the polymerization initiator may be inorganic
peroxide, and as a more specific example, the polymerization initiator may be a persulfate initiator. In addition, the
polymerization initiator may be added in an amount of 0.1 parts by weight to 0.5 parts by weight with respect to the total
content of 100 parts by weight of the monomers to be added in the polymerization step. Within this range, a polymerization
speed may be maintained at an appropriate level.

[0047] Here, in a case where the organic peroxide or the inorganic peroxide is used as the polymerization initiator,
the organic peroxide or the inorganic peroxide may be used in combination with an activator. As the activator, a compound
containing metal ions in a reduced state, such as ferrous sulfate and cuprous naphthenate; a sulfonic acid compound
such as sodium methanesulfonate; and an amine compound such as dimethylaniline may be used alone or in combination
of two or more thereof. Specifically, as the activator, it is possible to use one or more selected from the group consisting
of sodium formaldehyde, sulfoxylate, sodium ethylenediaminetetraacetate, ferrous sulfate, dextrose, sodium pyrophos-
phate, and sodium sulfite. The activator may be added in an amount of 0.05 parts by weight to 1 part by weight with
respect to the total content of 100 parts by weight of the monomers to be added in the polymerization step. Within this
range, the polymerization speed may be maintained at an appropriate level.

[0048] The polymerization of the carboxylic acid-modified nitrile-based copolymer may be performed at a temperature
of 5°C to 60°C. Within this range, the polymerization speed may be maintained at an appropriate level.

[0049] In addition, the polymerization of the carboxylic acid-modified nitrile-based copolymer may be performed by
controlling a change in reaction pressure relative to an initial reaction pressure according to a polymerization conversion
rate to be in a specific range. Specifically, the reaction pressure at the beginning of the polymerization may be in a range
of 2.0 kgf/lcm2 to 2.8 kgf/cmZ2, and the reaction pressure when the polymerization conversation rate is 1% to 45% may
be controlled in a range of 15% or less of an increase amount of the pressure relative to the reaction pressure at the
beginning of the polymerization. In particular, the reaction pressure when the polymerization conversation rate is 40%
may be in a range of 5% to 10% of the increase amount of the pressure relative to the reaction pressure at the beginning
of the polymerization.

[0050] The reaction pressure when the polymerization conversation rate is 46% to 75% may be controlled in a range
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of 5% to 70% of the increase amount of the pressure relative to the reaction pressure atthe beginning of the polymerization.
In particular, the reaction pressure when the polymerization conversation rate is 60% may be in a range of 30% to 65%
of the increase amount of the pressure relative to the reaction pressure at the beginning of the polymerization.

[0051] The reaction pressure from the time when the polymerization conversation rate is 76% until the polymerization
is terminated may be controlled in a range of 0% to 5% of the increase amount of the pressure relative to the reaction
pressure at the beginning of the polymerization or in a range of 0% to 100% of a decrease amount of the pressure
relative to the reaction pressure at the beginning of the polymerization. In particular, the reaction pressure when the
polymerization conversation rate is 90% may be adjusted to a range of 10% or more of the decrease amount of the
pressure relative to the reaction pressure at the beginning of the polymerization.

[0052] In the polymerization reaction of the carboxylic acid-modified nitrile-based copolymer, the polymerization con-
version rate may be measured by a method commonly known in the art. For example, a predetermined amount of sample
is collected from a reaction composition at a predetermined time interval, a solid content is measured, and then, a
polymerization conversion rate is calculated according to the following Equation 1.

[Equation 1]

Polymerization conversion rate (%) = [{(parts by
weight of added monomers and additives) * solid content (%)
- (parts Dby weight of additives added other than
monomers) }/ (total parts by weight of added monomers)] * 100

[0053] In Equation 1, parts by weight are based on the total content of 100 parts by weight of the monomers to be
added. A sectional polymerization conversion rate may be calculated by reflecting parts by weight of the monomers and
additives added until a corresponding section.

[0054] When the change in reaction pressure relative to the initial reaction pressure according to the polymerization
conversion rate is adjusted to be in the above range, the composition and amounts of the monomers dissolved in the
aqueous phase during the polymerization reaction are affected depending on the reaction pressure, which affects an
entanglement degree or a branch degree of the carboxylic acid-modified nitrile-based copolymer to be polymerized.
[0055] The preparation method of the carboxylic acid-modified nitrile-based copolymer latex includes a step of termi-
nating the polymerization reaction and obtaining a carboxylic acid-modified nitrile-based copolymer latex. The polymer-
ization reaction is terminated by cooling the polymerization system at the time when the polymerization conversion rate
is 85% or more, or adding a polymerization terminator, a pH adjuster, or an antioxidant.

[0056] In addition, the preparation method of the carboxylic acid-modified nitrile-based copolymer latex may include
a step of removing unreacted monomers by a deodorization process after the reaction is terminated.

[0057] In the present invention, physical properties of the latex itself may be improved to improve physical properties
such as softness and elasticity of a molded article produced by a dip molding process using a latex composition for dip
molding comprising a carboxylic acid-modified nitrile-based copolymer latex. Specifically, in the composition of the
monomers in the latex, the amounts of the ethylenic unsaturated nitrile-based monomer and the ethylenic unsaturated
acid monomer are optimized, and in the polymerization step, the entanglement degree or the branch degree and the
molecular weight of the carboxylic acid-modified nitrile-based copolymer and the acid distribution of the copolymer in
the latex particles are adjusted, thereby optimizing a structure of the latex particles.

[0058] Such acarboxylic acid-modified nitrile-based copolymer may be prepared by the composition and polymerization
method of the copolymer described above. In the present invention, a numerical range of each parameter that satisfies
the physical properties required by the present inventors is determined by using the following various parameters while
adjusting the physical properties of the carboxylic acid-modified nitrile-based copolymer.

[0059] According to an exemplary embodiment of the present invention, the carboxylic acid-modified nitrile-based
copolymer latex may satisfy the following General Formula 1 and General Formula 2.

[General Formula 1]

1.0 mm?/s < CVp £ 3.0 mm?/s
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[General Formula 2]
0.85 <P £ 1.0, P = CVp/CVp

[0060] In General Formulas 1 and 2, CV represents a capillary viscosity of the carboxylic acid-modified nitrile-based
copolymer latex measured in a swollen state in a methyl ethyl ketone solvent, and CVp represents a capillary viscosity
of the carboxylic acid-modified nitrile-based copolymer latex in a de-swollen state.

[0061] In General Formula 1, CV, is measured using a Cannon-Fenske routine type capillary viscometer (S| Analytics
GmbH Type No. 520 13) and a methyl ethyl ketone (MEK) solvent under a condition of a pH of 8.2 to 9.2. Accordingly,
CV, represents a capillary viscosity of the carboxylic acid-modified nitrile-based copolymer latex measured in a swollen
state in the methyl ethyl ketone solvent. In general, the capillary viscosity is used as a means for measuring a molecular
weight of a non-cross-linked polymer. However, in the present invention, CV, represents a capillary viscosity measured
in a state where the copolymer particles in the latex are swollen in the methyl ethyl ketone solvent, that is, a swollen
state of the copolymer particles in the latex, unlike such a general capillary viscosity. Therefore, it is possible to acquire,
from CVo, information on not only the molecular weight of the copolymer in the carboxylic acid-modified nitrile-based
copolymer latex but also factors affecting the swelling by the methyl ethyl ketone solvent, and among this information,
in particular, information on the acid distribution of the copolymer in the latex particles may be efficiently acquired. CV,
may be 0.5t0 4 or 1 to 3.

[0062] In order to improve softness of the molded article produced by using the latex composition for dip molding
required in the present invention, it is required for the carboxylic acid-modified nitrile-based copolymer to be as soft and
stretchable as possible. To this end, the molecular weight of the copolymer is required to be optimized. When the
molecular weight of the copolymer is not optimized, the copolymer becomes stiff and hard or the copolymer does not
stretch well. In addition, when preparing the latex composition for dip molding, the ethylenic unsaturated acid monomer-
derived unit in the carboxylic acid-modified nitrile-based copolymer latex may form an ion bond with metal ions to be
added in a metal oxide form. Such a degree of bonding with the metal ions may also have a great influence on the
softness of the molded article produced by using the latex composition for dip molding. The degree of bonding with the
metal ions has an important influence on the structure of the latex particles, such as the acid distribution of the copolymer
in the latex particles. Therefore, when a molded article is produced by using the carboxylic acid-modified nitrile-based
copolymer having the optimal acid distribution of the copolymer in the latex particles, softness of the molded article may
be improved.

[0063] In this regard, since the carboxylic acid-modified nitrile-based copolymer latex of the present invention satisfying
the range of CVy has an appropriate level of the molecular weight of the copolymer and the optimal acid distribution of
the copolymer in the latex particles, when the carboxylic acid-modified nitrile-based copolymer latex is used in the latex
composition for dip molding, itis possible to implement the molded article having excellent physical properties, particularly,
excellent softness.

[0064] In General Formula 2, CV represents a capillary viscosity of the carboxylic acid-modified nitrile-based copol-
ymer latex measured in a swollen state in a methyl ethyl ketone solvent, and CV represents a capillary viscosity of the
carboxylic acid-modified nitrile-based copolymer latex in a de-swollen state, as described in General Formula 1.
[0065] Specifically, a state where the copolymer particles in the latex are swollen in the methyl ethyl ketone solvent
may be defined as the swollen state, and the de-swollen state may refer to a state where a swollen portion of the
copolymer particles in the latex in the methyl ethyl ketone solvent is removed. For example, a state where a portion of
the copolymer particles dissolved in the methyl ethyl ketone solvent is removed by applying a predetermined energy to
the copolymer particles in the latex in the swollen state may refer to the de-swollen state. CVp may be a capillary viscosity
measured by dissolving the carboxylic acid-modified nitrile-based copolymer latex in the methyl ethyl ketone solvent
under a condition of a pH of 8.2 to 9.2, and de-swelling the carboxylic acid-modified nitrile-based copolymer latex by
applying an energy of 55 kcal to 65 kcal using an ultrasonicator (Bransonic® M Mechanical Bath 5800) for 40 minutes.
In the case, the capillary viscosity may be measured in the same method as that in the measurement of CV, using the
Cannon-Fenske routine type capillary viscometer (S| Analytics GmbH Type No. 520 13).

[0066] In addition, P may refer to a ratio of CVy and CVp,. Specifically, P may refer to a ratio of CV to CV,. More
specifically, P may refer to a ratio of the capillary viscosity of the carboxylic acid-modified nitrile-based copolymer latex
in the de-swollen state to the capillary viscosity of the carboxylic acid-modified nitrile-based copolymer latex in the swollen
state in the methyl ethyl ketone solvent. P may be 0.85to 1 or 0.9 to 1. When a value of P of the carboxylic acid-modified
nitrile-based copolymer latex is within the above range, it may mean that a change in capillary viscosity is small even
when the carboxylic acid-modified nitrile-based copolymer latex is de-swollen by applying an additional energy. This
may mean that the carboxylic acid-modified nitrile-based copolymer latex has a structure in which the portion dissolved
in the methyl ethyl ketone solvent is relatively small and the portion to be dissolved when being de-swollen is difficult to
escape. That is, this may mean the entanglement degree of the copolymer particles in the latex is relatively large and
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the carboxylic acid-modified nitrile-based copolymer latex has a latex particle structure in which an entangled copolymer
is hardly untangled. Accordingly, it is possible to acquire, from P, information on the latex particle structure such as the
entanglementdegree or the branch degree of the copolymer in the carboxylic acid-modified nitrile-based copolymer latex.
[0067] In order to improve elasticity, that is, a stress retention rate of the molded article produced by using the latex
composition for dip molding required in the present invention, there is a need for a carboxylic acid-modified nitrile-based
copolymer latex having a structure in which the entanglement degree or branch degree of the copolymer in the carboxylic
acid-modified nitrile-based copolymer latex is increased. This is for the purpose of imparting the original elasticity of
rubber to the latex, and, for example, even in a case where cross-linking is performed with a cross-linking agent that
remarkably increases the stress retention rate, a stress retention rate of the existing latex having a linear chain is not
increased because it does not inherently have elasticity. On the other hand, since the latex of the present invention
having a structure in which the entanglement degree or the branch degree is increased has rubber elasticity, when this
latex is used in a latex composition for dip molding, elasticity of a molded article, that is, a stress retention rate may be
improved.

[0068] Therefore, the carboxylic acid-modified nitrile-based copolymer latex of the present invention satisfying the
range of P has an appropriate level of the entanglement degree of the copolymer and a latex particle structure in which
the entangled copolymer is hardly untangled. When this carboxylic acid-modified nitrile-based copolymer latex is used
in a latex composition for dip molding, elasticity of a molded article, that is, a stress retention rate may be improved.
[0069] According to an exemplary embodiment of the present invention, the carboxylic acid-modified nitrile-based
copolymer latex may satisfy the following General Formula 3 and General Formula 4.

[General Formula 3]

5 <M< 20, M =m x mg

[General Formula 4]

[0070] In General Formula 3, m4 represents an insolubility of a dried film of the carboxylic acid-modified nitrile-based
copolymer latex in the methyl ethyl ketone solvent, and m, represents a swelling index of the dried film of the carboxylic
acid-modified nitrile-based copolymer latex in the methyl ethyl ketone solvent.

[0071] In addition, in General Formula 3, a value of M is a value expressed as a product of the insolubility of the dried
film of the carboxylic acid-modified nitrile-based copolymer latex in the methyl ethyl ketone solvent and the swelling
index of the dried film in the methyl ethyl ketone solvent, and the value may satisfy a range of 5.0 to 20 or 7 to 15. The
insolubility of the dried film of the carboxylic acid-modified nitrile-based copolymer latex in the methyl ethyl ketone solvent
is an index indicating a degree of cross-linking of the carboxylic acid-modified nitrile-based copolymer contained in the
carboxylic acid-modified nitrile-based copolymer latex. The swelling index of the dried film of the carboxylic acid-modified
nitrile-based copolymer latex in the methyl ethyl ketone solvent is an index indicating swellability of the carboxylic acid-
modified nitrile-based copolymer contained in the carboxylic acid-modified nitrile-based copolymer latex in the methyl
ethyl ketone solvent. Therefore, from M obtained by multiplying these two indices, it is possible to acquire information
on the entanglement degree of the carboxylic acid-modified nitrile-based copolymer latex or the acid distribution of the
copolymer in the latex particles.

[0072] In General Formula 4, a value of pKa is an index indicating a degree of ionization of an ethylenic unsaturated
acid of the carboxylic acid-modified nitrile-based copolymer latex, and information on the acid distribution of the copolymer
in the latex particles may be acquired from the value of pKa. The value of pKa may be inarange of9.2t0 10.50r9.5t0 10.2.
[0073] The carboxylic acid-modified nitrile-based copolymer latex satisfying the ranges of M and pKa has an appropriate
level of the entanglement degree of the copolymer and the optimal acid distribution of the copolymer in the latex particles.
Therefore, in a case where the carboxylic acid-modified nitrile-based copolymer latex is used in a latex composition for
dip molding, in the production process of the molded article, an occurrence of a flow mark is prevented, such that
workability may be improved, and polymerization stability during polymerization of the carboxylic acid-modified nitrile-
based copolymer latex may be improved.

[0074] As such, the latex is prepared while confirming the numerical ranges of CVo, P, M, and pKa, thereby completing
the latex of the present invention.

[0075] According to an exemplary embodiment of the present invention, the latex composition for dip molding may
comprise a carboxylic acid-modified nitrile-based copolymer latex and a cross-linking agent composition. The cross-
linking agent composition may be used to form a cross-linking agent-derived cross-linking part through a cross-linking
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reaction of the carboxylic acid-modified nitrile-based copolymer.

[0076] The cross-linking agentcomposition may include one or more selected from the group consisting of a vulcanizing
agent, a vulcanization accelerator, a divalent cationic metal oxide, and a polyvalent metal cationic compound.

[0077] The vulcanizing agent is used for vulcanizing the latex composition for dip molding, and may be sulfur, and as
a specific example, the vulcanizing agent may be sulfur such as powdered sulfur, precipitated sulfur, colloidal sulfur,
surface-treated sulfur, or insoluble sulfur. A content of the vulcanizing agent may be 0 parts by weight to 3 parts by
weight with respect to the total content of 100 parts by weight of the carboxylic acid-modified nitrile-based copolymer in
the latex composition for dip molding. Within this range, cross-linking ability by vulcanization may be excellent.

[0078] In addition, the vulcanization accelerator may be one or more selected from the group consisting of 2-mercap-
tobenzothiazole (MBT), 2,2-dithiobisbenzothiazole-2-sulfenamide (MBTS), N-cyclohexylbenzothiasole-2-sulfenamide
(CBS), 2-morpholinothiobenzothiazole (MBS), tetramethylthiuram monosulfide (TMTM), tetramethylthiuram disulfide
(TMTD), zinc diethyldithiocarbamate (ZDEC), zinc di-n-butyldithiocarbamate (ZDBC), diphenylguanidine (DPG), and di-
o-tolylguanidine. A content of the vulcanization accelerator may be 0 parts by weight to 3 parts by weight with respect
to the total content of 100 parts by weight of the carboxylic acid-modified nitrile-based copolymer in the latex composition
for dip molding. Within this range, cross-linking ability by vulcanization may be excellent.

[0079] In addition, the divalent cationic metal oxide may include one or more selected from the group consisting of
divalent cationic metals, for example, oxides such as Mg, Ca, Zn, Sr, and Ba. As a preferred example, the divalent
cationic metal oxide may include one or more selected from the group consisting of zinc oxide, magnesium oxide, and
calcium oxide.

[0080] The divalent cationic metal oxide may be a cross-linking agent for forming a cross-linking part through ionic
bonding in the carboxylic acid-modified nitrile-based copolymer or between carboxylic acid-modified nitrile-based co-
polymers by performing ionic bonding with a functional group of the ethylenic unsaturated acid monomer of the carboxylic
acid-modified nitrile-based copolymer in the latex composition for dip molding. A content of the divalent cationic metal
oxide may be 0.1 parts by weight to 3 parts by weight with respect to the total content of 100 parts by weight of the
carboxylic acid-modified nitrile-based copolymer in the latex composition for dip molding. Within this range, ionic bonding
ability is excellent and a tensile strength of the produced dip-molded article may be excellent.

[0081] Inaddition, the polyvalent metal cationic compound may include one or more selected from the group consisting
of a polyvalent metal cation having a charge of +2 or higher and a ligand.

[0082] The polyvalent metal cation may include, for example, one or more selected from the group consisting of a
polyvalent cation of an alkaline earth metal and a polyvalent cation of a transition metal.

[0083] Theligand is used to allow the polyvalent metal cation to be slowly eluted, and may include one or more selected
from the group consisting of acetylacetonate, acetylacetate, glycolate, citrate, tartrate, gluconate, and nitriloacetate.
[0084] As a specific example, the polyvalent metal cationic compound may be an aluminum compound containing a
complex anion such as acetylacetonate, acetylacetate, glycolate, citrate, tartrate, gluconate, or nitriloacetate.

[0085] A use amountof the ligand may be 1 equivalent to 3 equivalents of a use amount of the polyvalent metal cation.
For example, in a case where the aluminum compound containing a complex anion is used as the polyvalent metal
cation, the use amount of the ligand that allows the aluminum ions to be slowly eluted may be 1 equivalent to 3 equivalents
of a use amount of aluminum. As described above, in a case where the polyvalent metal cationic compound is used as
a cross-linking agent for ionic bonding or covalent bonding, it is possible to prevent bonding in an acidic solution from
being weakened, which may prevent a deterioration of the strength of the dip-molded article. In addition, by using the
cross-linking agent composition containing the polyvalent metal cationic compound, cross-linking is formed through ionic
bonding with the acids distributed in the latex particles, such that it is possible to prevent a deterioration of the physical
properties of the molded article caused by the absence of sulfur and a vulcanization accelerator. In addition, in this case,
the dip-molded article may be produced without addition of a vulcanization accelerator. Thus, it is possible to prevent
side effects caused to users due to the vulcanization accelerator.

[0086] A content of the polyvalent metal cationic compound may be 0.1 parts by weight to 3 parts by weight with
respect to 100 parts by weight (based on a solid content) of the carboxylic acid-modified nitrile-based copolymer latex
composition. Within this range, it is possible to prevent a deterioration of the strength of the dip-molded article.

[0087] In addition, according to an exemplary embodiment of the present invention, the latex composition for dip
molding may further include an additive such as a dispersant, an antioxidant, a pigment, a filler, a thickening agent, or
a pH adjuster, if necessary.

[0088] According to an exemplary embodiment of the present invention, a solid content (concentration) of the latex
composition for dip molding may be, for example, 5 wt% to 43 wt%. Within this range, latex transport efficiency may be
excellent and an increase in viscosity of the latex may be prevented, such that storage stability may be excellent.
[0089] Asanotherexample,apH ofthe latex composition for dip molding may be 9to 11. Within this range, processability
and productivity when producing a dip-molded article may be excellent. The pH of the latex composition for dip molding
may be adjusted by addition of the pH adjuster described above. Examples of the pH adjuster may include an aqueous
potassium hydroxide solution having a concentration of 1 wt% to 10 wt%, and ammonia water having a concentration
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of 1 wt% to 50 wt%.

[0090] According to the presentinvention, a molded article including a latex composition for dip molding-derived layer
is provided. The molded article may be a dip-molded article produced by dip-molding the latex composition for dip molding.
[0091] A method of producing the molded article may include a step of dipping the latex composition for dip molding
by a direct dipping method, an anode coagulation dipping method, a Teague’s coagulation dipping method, or the like.
As a specific example, the molded article may be produced by an anode coagulation dipping method, and in this case,
a dip-molded article having a uniform thickness may be obtained.

[0092] As a specific example, the method of producing the molded article may include: a step S100 of attaching a
coagulant to a dip molding mold; a step S200 of dipping the dip molding mold to which the coagulant is attached into a
latex composition for dip molding to form the latex composition for dip molding-derived layer, that is, a dip-molded layer;
and a step S300 of heating the dip-molded layer to cross-link the latex composition for dip molding.

[0093] The step S100 is a step of dipping a dip molding mold into a coagulant solution to attach a coagulant onto a
surface of the dip molding mold so that the coagulant is formed on the dip molding mold. The coagulant solution is a
solution obtained by dissolving a coagulant in water, alcohol, or a mixture thereof. A content of the coagulant in the
coagulant solution may be 5 wt% to 45 wt% with respect to a total content of the coagulant solution.

[0094] The coagulant may be, for example, one or more selected from the group consisting of metal halide such as
barium chloride, calcium chloride, magnesium chloride, zinc chloride, or aluminum chloride; nitrate such as barium
nitrate, calcium nitrate, or zinc nitrate; acetate such as barium acetate, calcium acetate, or zinc acetate; and sulfate such
as calcium sulfate, magnesium sulfate, or aluminum sulfate. As a specific example, the coagulant may be calcium
chloride or calcium nitrate.

[0095] In addition, the step S200 may be a step of dipping the dip molding mold to which the coagulant is attached
into the latex composition for dip molding according to the present invention and taking out the dip molding mold to form
a dip-molded layer on the dip molding mold.

[0096] In addition, the step S300 may be a step of heating the dip-molded layer formed on the dip molding mold and
cross-linking and curing the latex composition for dip molding to obtain a dip-molded article.

[0097] Thereafter, the dip-molded layer cross-linked by the heating treatment may be removed from the dip molding
mold to obtain a dip-molded article.

[0098] A modulus at 500% of the molded article may be 4 to 20.5 or 5 to 18.5. The modulus at 500% is a value
indicating how much force is required to stretch the molded article to 500% of its original length. When the molded article
has the value of the modulus at 500% in the above range, the molded article may be excellent in softness.

[0099] The molded article may have a stress retention rate of 40% to 70% or 40% to 65%. The stress retention rate
is a value of a stress when an elongation of 100% is maintained for 5 minutes to a stress when an elongation is increased
to 100%, expressed as a percentage, and within the range of the stress retention rate, the molded article may have
excellent elasticity.

[0100] According to an exemplary embodiment of the present invention, the molded article may be a glove such as a
surgical glove, an examination glove, an industrial glove, or a household glove, a condom, a catheter, or a health care
product.

[0101] Hereinafter, the presentinvention will be described in more detail by examples. However, the following examples
are provided for illustrating the present invention. It is apparent to a person skilled in the art that various modifications
and alterations may be made without departing from the scope and spirit of the present invention, and the scope of the
present invention is not limited thereto.

Examples
Example 1
<Preparation of carboxylic acid-modified nitrile-based copolymer latex>

[0102] Hereinafter, wt% indicates a total content of monomers to be added to form a main chain of a carboxylic acid-
modified nitrile-based copolymer, and part(s) of weight indicates a total of 100 parts by weight of the monomers to be
added.

[0103] 23 wt% of acrylonitrile and 3.5 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer and stirring was started to mix them, 0.6 parts by weight of t-dodecylmercaptan, 4.0 parts by weight of sodium
dodecylbenzene sulfonate, and 120 parts by weight of water at 70°C were added, 73.5 wt% of 1,3-butadiene was added,
and then, emulsion polymerization was initiated by adding 0.3 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.5 kgf/cm2 and a temperature of 40°C.

[0104] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.68
kgflcm2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 3.55
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kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 1.25
kgficm?2.

[0105] When the polymerization conversion rate reached 94%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

<Preparation of latex composition for dip molding>

[0106] To 100 parts by weight (based on a solid content) of the obtained carboxylic acid-modified nitrile-based copol-
ymer latex, 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate (ZDBC), 1.3 parts by weight
of zinc oxide, 1 part by weight of titanium oxide, an aqueous potassium hydroxide solution, and secondary distilled water
were added to obtain a latex composition for dip molding having a solid content concentration of 30 wt% and a pH of 10.2.

<Production of molded article>

[0107] 18 wt% of calcium nitrate, 81.5 wt% of water, and 0.5 wt% of a wetting agent (Teric 320, produced by Huntsman
Corporation, Australia) were mixed with each other to prepare a coagulant solution. A hand-shaped ceramic mold was
dipped into the solution for 13 seconds and taken out from the solution, and the hand-shaped ceramic mold was dried
at 120°C for 3 minutes, thereby applying a coagulant to the hand-shaped mold.

[0108] Subsequently, the hand-shaped mold to which the coagulant was applied was dipped into the obtained latex
composition for dip molding for 13 seconds and taken out from the latex composition, the hand-shaped mold was dried
at 80°C for 1 minute, and the dried hand-shaped mold was dipped into water or warm water for 60 seconds. Thereafter,
cross-linking was performed at 120°C for 20 minutes. A cross-linked dip-molded layer was removed from the hand-
shaped mold, thereby obtaining a molded article having a glove shape.

Example 2

[0109] 18 wt% of acrylonitrile and 4.5 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer and stirring was started to mix them, 0.3 parts by weight of t-dodecylmercaptan, 3.0 parts by weight of sodium
dodecylbenzene sulfonate, and 130 parts by weight of water at 70°C were added, 77.5 wt% of 1,3-butadiene was added,
and then, emulsion polymerization was initiated by adding 0.25 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.7 kgf/cm2 and a temperature of 40°C.

[0110] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.92
kgflcm2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 4.27
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 1.76
kgflcm2,

[0111] When the polymerization conversion rate reached 96%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0112] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Example 3

[0113] 28 wt% of acrylonitrile and 2.5 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer and stirring was started to mix them, 0.8 parts by weight of t-dodecylmercaptan, 3.0 parts by weight of sodium
dodecylbenzene sulfonate, and 110 parts by weight of water at 50°C were added, 69.5 wt% of 1,3-butadiene was added,
and then, emulsion polymerization was initiated by adding 0.35 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.2 kgf/cm2 and a temperature of 37°C.

[0114] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.38
kgficm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 3.17
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 1.76
kgflcm2,

[0115] When the polymerization conversion rate reached 94%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0116] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.
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Example 4

[0117] 25 wt% of acrylonitrile and 4.1 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer and stirring was started to mix them, 0.3 parts by weight of t-dodecylmercaptan, 2.5 parts by weight of sodium
dodecylbenzene sulfonate, and 140 parts by weight of water at 55°C were added, 70.9 wt% of 1,3-butadiene was added,
and then, emulsion polymerization was initiated by adding 0.2 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.4 kgf/cm?2 and a temperature of 40°C.

[0118] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.52
kgficm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 3.12
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 0.24
kgflcm2,

[0119] When the polymerization conversion rate reached 96%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0120] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Example 5

[0121] 21 wt% of acrylonitrile and 2.9 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer and stirring was started to mix them, 0.6 parts by weight of t-dodecylmercaptan, 3.5 parts by weight of sodium
dodecylbenzene sulfonate, and 110 parts by weight of water at 75°C were added, 76.1 wt% of 1,3-butadiene was added,
and then, emulsion polymerization was initiated by adding 0.3 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.6 kgf/cm?2 and a temperature of 39°C.

[0122] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.86
kgficm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 4.29
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 2.34
kgflcm2,

[0123] When the polymerization conversion rate reached 95%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0124] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Example 6

[0125] 28 wt% of acrylonitrile and 4.5 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer and stirring was started to mix them, 0.25 parts by weight of t-dodecylmercaptan, 3.0 parts by weight of sodium
dodecylbenzene sulfonate, and 110 parts by weight of water at 60°C were added, 67.5 wt% of 1,3-butadiene was added,
andthen, emulsion polymerization was initiated by adding 0.45 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.0 kgf/cm2 and a temperature of 36°C.

[0126] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.2
kgficm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 2.6
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 1.8
kgficm?2.

[0127] When the polymerization conversion rate reached 97%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0128] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Example 7

[0129] 18 wt% of acrylonitrile and 2.5 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer and stirring was started to mix them, 0.5 parts by weight of t-dodecylmercaptan, 3.5 parts by weight of sodium
dodecylbenzene sulfonate, and 120 parts by weight of water at 65°C were added, 79.5 wt% of 1,3-butadiene was added,
and then, emulsion polymerization was initiated by adding 0.15 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.8 kgf/cm?2 and a temperature of 41°C.

13



10

15

20

25

30

35

40

45

50

55

EP 3 950 816 A1

[0130] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.94
kgficm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 4.62
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 0.14
kgflcm2,

[0131] When the polymerization conversion rate reached 94%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0132] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Example 8

[0133] 26 wt% of acrylonitrile and 4 wt% of methacrylic acid were added to a polymerization reactor installed with a
stirrer and stirring was started to mix them, 0.6 parts by weight of t-dodecylmercaptan, 3.5 parts by weight of sodium
dodecylbenzene sulfonate, and 120 parts by weight of water at 60°C were added, 70 wt% of isoprene was added, and
then, emulsion polymerization was initiated by adding 0.3 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.4 kgf/cm?2 and a temperature of 41°C.

[0134] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.57
kgflcm2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 3.43
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 1.32
kgficm?2.

[0135] When the polymerization conversion rate reached 94%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0136] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Example 9

[0137] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
1, except that 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc oxide in the preparation
of the latex composition for dip molding in Example 1.

Example 10

[0138] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
4, exceptthat 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc oxide in the preparation
of the latex composition for dip molding in Example 4.

Example 11

[0139] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
5, exceptthat 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc oxide in the preparation
of the latex composition for dip molding in Example 5.

Example 12

[0140] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
6, exceptthat 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc oxide in the preparation
of the latex composition for dip molding in Example 6.

Example 13

[0141] A latex composition for dip molding and a molded article were produced in the same manner as that of Example

7, exceptthat 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc oxide in the preparation
of the latex composition for dip molding in Example 7.
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Example 14

[0142] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
1, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2 parts by weight of
aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in the preparation of the latex composition for
dip molding in Example 1.

Example 15

[0143] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
4, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2 parts by weight of
aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in Example 4.

Example 16

[0144] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
5, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2 parts by weight of
aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in the preparation of the latex composition for
dip molding in Example 5.

Example 17

[0145] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
6, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2 parts by weight of
aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in the preparation of the latex composition for
dip molding in Example 6.

Example 18

[0146] A latex composition for dip molding and a molded article were produced in the same manner as that of Example
7, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2 parts by weight of
aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in the preparation of the latex composition for

dip molding in Example 7.

Comparative Examples

Comparative Example 1

[0147] 0.25 parts by weight of t-dodecylmercaptan, 4.0 parts by weight of sodium dodecylbenzene sulfonate, and 140
parts by weight of water at 60°C were added to a polymerization reactor installed with a stirrer and stirring was started
to mix them, 14 wt% of acrylonitrile, 6 wt% of methacrylic acid, and 80 wt% of 1,3-butadiene were added, and emulsion
polymerization was initiated by adding 0.45 parts by weight of potassium persulfate as a polymerization initiator at a
pressure of 3.5 kgf/cm2 and a temperature of 41°C.

[0148] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 4.06
kgficm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 4.13
kgf/cm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 3.71
kgflcm2,

[0149] When the polymerization conversion rate reached 97%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0150] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Comparative Example 2
[0151] 25 wt% of acrylonitrile and 4.1 wt% of methacrylic acid were added to a polymerization reactor installed with

a stirrer, 0.3 parts by weight of t-dodecylmercaptan, 2.5 parts by weight of sodium dodecylbenzene sulfonate, and 140
parts by weight of water at 55°C were added, 70.9 wt% of 1,3-butadiene was added, and then, emulsion polymerization
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was initiated by adding 0.2 parts by weight of potassium persulfate as a polymerization initiator at a pressure of 2.9
kgflcm? and a temperature of 40°C and starting stirring.

[0152] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 3.34
kgflcm2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 3.68
kgf/cm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 2.81
kgflcm2,

[0153] When the polymerization conversion rate reached 96%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0154] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Comparative Example 3

[0155] 28 wt% of acrylonitrile and 2.5 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer, 0.5 parts by weight of t-dodecylmercaptan, 3.5 parts by weight of sodium dodecylbenzene sulfonate, and 120
parts by weight of water at 65°C were added, 69.5 wt% of 1,3-butadiene was added, and then, emulsion polymerization
was initiated by adding 0.15 parts by weight of potassium persulfate as a polymerization initiator at a pressure of 1.9
kgflcm?2 and a temperature of 36°C and starting stirring.

[0156] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.2
kgflcm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 2.7
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 0.95
kgflcm2,

[0157] When the polymerization conversion rate reached 94%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0158] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Comparative Example 4

[0159] 21 wt% of acrylonitrile and 2.9 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer, 0.25 parts by weight of t-dodecylmercaptan, 3.0 parts by weight of sodium dodecylbenzene sulfonate, and 110
parts by weight of water at 60°C were added, 76.1 wt% of 1,3-butadiene was added, and then, emulsion polymerization
was initiated by adding 0.45 parts by weight of potassium persulfate as a polymerization initiator at a pressure of 3.0
kgflcm?2 and a temperature of 41°C and starting stirring.

[0160] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 3.15
kgflcm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 3.3
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 0.9
kgflcm2,

[0161] When the polymerization conversion rate reached 97%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0162] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Comparative Example 5

[0163] 18 wt% of acrylonitrile and 4.5 wt% of methacrylic acid were added to a polymerization reactor installed with
a stirrer, 0.6 parts by weight of t-dodecylmercaptan, 3.5 parts by weight of sodium dodecylbenzene sulfonate, and 110
parts by weight of water at 75°C were added, 77.5 wt% of 1,3-butadiene was added, and then, emulsion polymerization
was initiated by adding 0.3 parts by weight of potassium persulfate as a polymerization initiator at a pressure of 3.3
kgflcm?2 and a temperature of 41°C and starting stirring.

[0164] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 3.53
kgflcm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 4.69
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 3.5
kgficm?2.

[0165] When the polymerization conversion rate reached 95%, the polymerization was terminated. Thereafter, unre-
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acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0166] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Comparative Example 6

[0167] 0.25 parts by weight of t-dodecylmercaptan, 3.0 parts by weight of sodium dodecylbenzene sulfonate, and 110
parts by weight of water at 60°C were added to a polymerization reactor installed with a stirrer and stirring was started
to mix them, 31 wt% of acrylonitrile and 6 wt% of methacrylic acid were added, 63 wt% of 1,3-butadiene were added,
and emulsion polymerization was initiated by adding 0.45 parts by weight of potassium persulfate as a polymerization
initiator at a pressure of 2.0 kgf/cm2 and a temperature of 36°C and starting stirring.

[0168] The reaction pressure at the time when the polymerization conversion rate was 40% was controlled to 2.2
kgfilcm?2, the reaction pressure at the time when the polymerization conversion rate was 60% was controlled to 2.6
kgflcm2, and the reaction pressure at the time when the polymerization conversion rate was 90% was controlled to 1.8
kgflcm2,

[0169] When the polymerization conversion rate reached 97%, the polymerization was terminated. Thereafter, unre-
acted products were removed through a deodorization process, and ammonium water, an antioxidant, and a defoaming
agent were added, thereby obtaining a carboxylic acid-modified nitrile-based copolymer latex.

[0170] A latex composition for dip molding and a molded article were produced by using the obtained carboxylic acid-
modified nitrile-based copolymer latex in the same manner as that of Example 1.

Comparative Example 7

[0171] A latex composition for dip molding and a molded article were produced in the same manner as that of Com-
parative Example 1, except that 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc
oxide in the preparation of the latex composition for dip molding in Comparative Example 1.

Comparative Example 8

[0172] A latex composition for dip molding and a molded article were produced in the same manner as that of Com-
parative Example 2, except that 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc
oxide in the preparation of the latex composition for dip molding in Comparative Example 2.

Comparative Example 9

[0173] A latex composition for dip molding and a molded article were produced in the same manner as that of Com-
parative Example 6, except that 1 part by weight of aluminum citrate was added instead of 1.3 parts by weight of zinc
oxide in the preparation of the latex composition for dip molding in Comparative Example 6.

Comparative Example 10

[0174] A latex composition for dip molding and a molded article were produced in the same manner as that of Com-
parative Example 1, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2
parts by weight of aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in the preparation of the
latex composition for dip molding in Comparative Example 1.

Comparative Example 11

[0175] A latex composition for dip molding and a molded article were produced in the same manner as that of Com-
parative Example 2, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2
parts by weight of aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in the preparation of the
latex composition for dip molding in Comparative Example 2.

Comparative Example 12

[0176] A latex composition for dip molding and a molded article were produced in the same manner as that of Com-
parative Example 6, except that 1 part by weight of sulfur, 1.0 part by weight of zinc di-n-butyldithiocarbamate, and 2

17



10

15

20

25

30

35

40

45

50

55

EP 3 950 816 A1

parts by weight of aluminum citrate instead of 1.3 parts by weight of zinc oxide were added in the preparation of the
latex composition for dip molding in Comparative Example 6.

Experimental Examples

Experimental Example 1

[0177] Physical properties of the carboxylic acid-modified nitrile-based copolymer latex prepared in each of Examples
1 to 8 and Comparative Examples 1 to 6 were measured by the following method. The results are shown in Table 1.
(1) CVy (mm2/s): A pH of each carboxylic acid-modified nitrile-based copolymer latex having a solid content of 44% to
47% was adjusted to 8.8 to 9.1 using 10% ammonium water, and then, the carboxylic acid-modified nitrile-based copol-
ymer latex was dissolved in methyl ethyl ketone (MEK) at a concentration of 2.55 wt% to be dispersed well. Thereafter,
10 ml of the carboxylic acid-modified nitrile-based copolymer latex was added to a Cannon-Fenske routine type capillary
viscometer (S| Analytics GmbH Type No. 520 13), the time for the copolymer latex to pass through a capillary at 25°C
was measured, and a viscosity was calculated using the following Equation 2.

[Equation 2]
CVp = K x t

In Equation 2, K is a constant (mm?2/s2) of the capillary, and t is a time (s) for the copolymer latex to pass through the
capillary.

(2) CVp (mm2/s), P: A pH of each carboxylic acid-modified nitrile-based copolymer latex having a solid content of 44%
to 47% was adjusted to 8.8 to 9.1 using 10% ammonium water, and then, the carboxylic acid-modified nitrile-based
copolymer latex was dissolved in methyl ethyl ketone (MEK) at a concentration of 2.55 wt% to be dispersed well.
Thereafter, de-swelling was performed by applying an energy of 55 kcal to 65 kcal using the ultrasonicator (Bransonic®
M Mechanical Bath 5800) for 40 minutes, 10 ml of the carboxylic acid-modified nitrile-based copolymer latex was added
to the Cannon-Fenske routine type capillary viscometer (S| Analytics GmbH Type No. 520 13), the time for the copolymer
latex to pass through the capillary at 25°C was measured, and a viscosity (CVp) was calculated using Equation 2. P
was measured by dividing the calculated CV by CV, (P = CVp/CV,).

(3) M: A pH of each carboxylic acid-modified nitrile-based copolymer latex having a solid content of 44% to 47% was
adjusted to 8.8 to 9.1 using 10% ammonium water, and the copolymer latex was applied onto a substrate using a cast
method or the like, drying was performed at 130°C to 140°C for 40 minutes to obtain a dried film, and a weight (f;) of
the dried film was measured. Subsequently, the dried film was dipped into methyl ethyl ketone at 25°C for 48 hours, a
weight (f,) of the dipped film was measured, and drying was performed at 170°C for 30 minutes to remove the methyl
ethyl ketone. Then, a weight (f3) of the film after removing the methyl ethyl ketone was measured. An insolubility (m,)
and a swelling index (m,) of the film in the methyl ethyl ketone solvent were measured from the measurement results
of these weights according to the following Equations 3 and 4, and M was measured according to Equation 5.

[Equation 3]
Insolubility in methyl ethyl ketone solvent (mi1) =

f3/f1

[Equation 4]

Swelling index in methyl ethyl ketone solvent (m2)
(f2 — £3)/f3

[Equation 5]

M= m X mp
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(4) pKa: The carboxylic acid-modified nitrile-based copolymer latex according to Example 1 was diluted using deionized
water to a solid content of 10%, a pH thereof was increased to 12 using a 1.25% aqueous potassium hydroxide solution,
and stirring was performed at 50°C for 2 hours to remove ammonia in the aqueous solution. The obtained diluted solution
was cooled to room temperature, a pH of the solution was decreased to 2 or less using a 1% diluted aqueous hydrochloric
acid solution, and the solution was stirred at a temperature of 50°C for 2 hours. Next, carbon dioxide in the aqueous
solution was removed, the obtained diluted solution was cooled to room temperature, and an acid-base titration graph
was obtained using an aqueous potassium hydroxide solution having a concentration of exactly 3%. The results are
shown in Tables 1 and 2. FIG. 1 is a graph showing a change in pH according to an addition amount of KOH. The amount
of carboxylic acid calculated by the addition amount of KOH between the first inflection point and the second inflection
point in FIG. 1 is the amount of acid present on a surface. FIG. 2 is a derivative curve of the addition amount of KOH
according to the pH. The vertex of the quadratic function is a pKa of the carboxylic acid-modified nitrile-based copolymer
latex. In addition, a pKa of the remaining carboxylic acid-modified nitrile-based copolymer latex according to each of
Examples 2 to 8 and Comparative Examples 1 to 6 was confirmed in the same manner.

[Table 1]

CVy(mm2/s) | CVp (mm?/s) P M pKa

Example 1 2.13 1.96 0.92 | 10.7 9.93
Example 2 1.26 1.21 0.96 | 13.2 9.68
Example 3 2.81 2.61 0.93 7.0 10.12
Example 4 2.57 2.31 0.90 9.1 10.07
Example 5 1.65 1.62 0.98 | 11.7 9.83
Example 6 3.00 2.73 0.91 | 10.3 9.84
Example 7 1.00 0.96 0.96 9.8 9.92
Example 8 2.68 2.49 0.93 9.9 9.95
Comparative Example 1 0.40 0.30 0.76 | 20.2 9.27
Comparative Example 2 2.57 2.03 0.79 | 11.3 9.85
Comparative Example 3 2.81 2.36 0.84 9.3 9.97
Comparative Example 4 1.65 1.34 0.81 9.5 9.97
Comparative Example 5 1.26 1.01 0.80 | 144 9.55
Comparative Example 6 5.50 5.01 0.91 20.2 9.28

[0178] Referring to Table 1, it could be confirmed that in the case of Examples 1 to 8, physical properties of the latex
itself were improved through optimization of the structure of the latex particles by adjusting the entanglement degree or
the branch degree and the molecular weight of the carboxylic acid-modified nitrile-based copolymer and the acid distri-
bution of the copolymer in the latex particles in the polymerization step by controlling process factors for the carboxylic
acid-modified nitrile-based copolymer latex according to the present invention, and thus, CVy was in a range of 1.0 to
3.0, and the value of P was in a range of 0.85 to 1.

[0179] On the other hand, in the case of Comparative Examples 1 to 6, the structure of the latex particles was not
optimized as in the present invention, and thus, the physical properties of the latex were not improved.

Experimental Example 2

[0180] Physical properties of the molded article produced in each of Examples 1 to 8 and Comparative Examples 1
to 6 were measured by the following method. The results are shown in Table 2.

(1) Modulus at 500% (MPa): A dumbbell-shaped specimen was prepared from the molded article according to the ASTM
D-412 method, the specimen was pulled at a cross-head speed of 500 mm/min using a measurement device (U.T.M.)
(3345 model, Instron), and a stress when elongation was 500% was measured.

(2) Stress retention rate (%): A dumbbel-shaped specimen was prepared from the molded article according to the ASTM
D-412 method, the specimen was pulled at a cross-head speed of 300 mm/min using a measurement device (U.T.M.)
(3345 model, Instron) until elongation calculated according to the following Equation 6 reached 100%, a stress reduction
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for 5 minutes was measured, and a stress retention rate was calculated according to the following Equation 7.
[Equation 6]
Elongation (%) = (length after specimen elongation
/initial length of specimen) x 100
[Equation 7]
Stress retention rate (%) = (load wvalue 5 minutes

after specimen elongation/initial load value of specimen

elongation) x 100

[Table 2]
Cross-linking agent composition (parts by Modulus at 500% Stress retention rate
weight) (MPa) (%)
S ZDBC ZnO Al TiO,
Example 1 1 1 1.3 0 1 16.1 47
Example 2 1 1 1.3 0 1 11.6 50.1
Example 3 1 1 1.3 0 1 15.3 46.6
Example 4 1 1 1.3 0 1 18.5 45
Example 5 1 1 1.3 0 1 104 51.9
Example 6 1 1 1.3 0 1 18.1 45.4
Example 7 1 1 1.3 0 1 9.7 49.2
Example 8 1 1 1.3 0 1 16.9 47
Comparative 1 1 1.3 0 1 33.6 33
Example 1
Comparative 1 1 1.3 0 1 224 34.4
Example 2
Comparative 1 1 1.3 0 1 23.1 39.4
Example 3
Comparative 1 1 1.3 0 1 22.3 37
Example 4
Comparative 1 1 1.3 0 1 214 34.9
Example 5
Comparative 1 1 1.3 0 1 - 454
Example 6

[0181] In Table 2, S represents sulfur, ZDBC represents din-butyldithiocarbamate, ZnO represents zinc oxide, Al
represents aluminum citrate, and TiO, represents titanium oxide.

[0182] Referring to Table 2, it could be confirmed that in the case of Examples 1 to 8, in the molded article formed of
the latex composition for dip molding comprising the carboxylic acid-modified nitrile-based copolymer latex according
to the present invention, the stress retention rate was high and the value of the modulus at 500% was small, which
showed that both the elasticity and softness were improved.
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[0183] On the other hand, it could be confirmed that in the case of Comparative Examples 1 to 6, in the molded article
formed of the latex composition for dip molding comprising the unimproved carboxylic acid-modified nitrile-based copol-
ymer latex unlike in the presentinvention, the stress retention rate and the value of the modulus at 500% were significantly
reduced as compared to those in Examples.

[0184] In addition, in the case of Comparative Example 6, in the molded article formed of the latex composition for dip
molding comprising the unimproved carboxylic acid-modified nitrile-based copolymer latex unlike in the present invention,
the measured elongation was less than 500%, and thus, the value of the modulus at 500% could not be measured.

Experimental Example 3
[0185] In order to show a change of the physical properties of the molded article according to the change of the cross-

linking agent, the physical properties of the molded article produced in each of Examples 9 to 18 and Comparative
Examples 7 to 12 were measured in the same manner as that of Experimental Example 2. The results are shown in Table 3.

[Table 3]
Type Cross-linking agent Modulus Stress
of composition (parts by at 500% retention
latex weight) (MPa) rate
S | ZDBC | zZnO Al TiO, (%)
Example 9 Example 1 1 1 0 1 1 94 54.9
Example 10 Example 4 1 1 0 1 1 10.8 544
Example 11 Example 5 1 1 0 1 1 6.1 56.9
Example 12 Example 6 1 1 0 1 1 13.9 54.7
Example 13 Example 7 1 1 0 1 1 6.4 56
Example 14 Example 1 0 0 0 2 1 10.1 54.8
Example 15 Example 4 0 0 0 2 1 11.6 53.9
Example 16 Example 5 0 0 0 2 1 6.6 57.2
Example 17 Example 6 0 0 0 2 1 13.1 54
Example 18 Example 7 0 0 0 2 1 7.2 56.6
Comparative Comparative 1 1 0 1 1 20.6 412
Example 7 Example 1
Comparative Comparative
Example 8 Example 2 ! ! 0 ! ! 15.8 43.5
Comparative Comparative
Example 9 Example 6 ! ! 0 ! ! 7.4 548
Comparative Comparative 0 0 0 9 1 219 40.6
Example 10 Example 1
Comparative Comparative 0 0 0 9 1 16.3 43.4
Example 11 Example 2
Comparative Comparative
Example 12 Example 6 0 0 0 2 ! 18.4 544
[0186] Referring to Table 3, it could be confirmed that in the case of Examples 9 to 18, in the molded article formed

of the latex composition for dip molding comprising the carboxylic acid-modified nitrile-based copolymer latex according
to the present invention, even in a case where the cross-linking agent composition was changed, both the modulus at
500% and the stress retention rate were improved.

[0187] On the other hand, it could be confirmed that in the case of Comparative Examples 7 to 12, in the molded article
formed of the latex composition for dip molding comprising the unimproved carboxylic acid-modified nitrile-based copol-
ymer latex unlike in the present invention, even in a case where the cross-linking agent composition was changed, the
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1. A latex composition for dip molding comprising: a carboxylic acid-modified nitrile-based copolymer latex, satisfying

the following General Formula 1 and General Formula 2,

wherein the carboxylic acid-modified nitrile-based copolymer includes a conjugated diene-based monomer-
derived unit, an ethylenic unsaturated nitrile-based monomer-derived unit, and an ethylenic unsaturated acid
monomer-derived unit:

[General Formula 1]

1.0 mm?/s < CVp £ 3.0 mm2/s

[General Formula 2]
0.85 <P £ 1.0, P = CVp/CVp

in General Formula 1 and General Formula 2, CV represents a capillary viscosity of the carboxylic acid-modified
nitrile-based copolymer latex measured in a swollen state in a methyl ethyl ketone solvent, and CVp, represents
a capillary viscosity of the carboxylic acid-modified nitrile-based copolymer latex in a de-swollen state.

The latex composition for dip molding of claim 1, wherein the conjugated diene-based monomer includes one or
more selected from the group consisting of 1,3-butadiene, 2,3-dimethyl-1,3-butadiene, 2-ethyl-1,3-butadiene, 1,3-
pentadiene, and isoprene.

The latex composition for dip molding of claim 1, wherein the ethylenic unsaturated nitrile-based monomer includes
one or more selected from the group consisting of acrylonitrile, methacrylonitrile, fumaronitrile, a-chloronitrile, and
o-cyanoethylacrylonitrile.

The latex composition for dip molding of claim 1, wherein the ethylenic unsaturated acid monomer includes one or
more selected from the group consisting of acrylic acid, methacrylic acid, itaconic acid, maleic acid, fumaric acid,
maleic acid anhydride, citraconic acid anhydride, styrenesulfonic acid, monobutyl fumarate, monobutyl maleate,
and mono-2-hydroxypropyl maleate.

The latex composition for dip molding of claim 1, wherein the conjugated diene-based monomer is 1,3-butadiene
or isoprene,

the ethylenic unsaturated nitrile-based monomer is acrylonitrile, and
the ethylenic unsaturated acid monomer is methacrylic acid.

The latex composition for dip molding of claim 1, wherein the carboxylic acid-modified nitrile-based copolymer further
includes an ethylenic unsaturated monomer-derived unit.

The latex composition for dip molding of claim 1, wherein the carboxylic acid-modified nitrile-based copolymer
includes 15 wt% to 30 wt% of the ethylenic unsaturated nitrile-based monomer-derived unit, 1.5 wt% to 5.5 wt% of
the ethylenic unsaturated acid monomer-derived unit, and 64.5 wt% to 83.5 wt% of the conjugated diene-based
monomer-derived unit.

The latex composition for dip molding of claim 1, wherein P is 0.9 to 1.

The latex composition for dip molding of claim 1, wherein the carboxylic acid-modified nitrile-based copolymer latex
satisfies the following General Formula 3 and General Formula 4:

22



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

EP 3 950 816 A1

[General Formula 3]

5 <M< 20, M =m x mg

[General Formula 4]
9.2 £ pKa < 10.5

in General Formula 3, m, represents an insolubility of a dried film of the carboxylic acid-modified nitrile-based
copolymer latex in the methyl ethyl ketone solvent, and m, represents a swelling index of the dried film of the
carboxylic acid-modified nitrile-based copolymer latex in the methyl ethyl ketone solvent, and

in General Formula 4, a pKa represents a degree of ionization of an ethylenic unsaturated acid of the carboxylic
acid-modified nitrile-based copolymer latex.

The latex composition for dip molding of claim 9, wherein the pKa is 9.5 to 10.2.

The latex composition for dip molding of claim 1, further comprising a cross-linking agent composition.

The latex composition for dip molding of claim 11, wherein the cross-linking agent composition includes one or more
selected from the group consisting of a vulcanizing agent, a vulcanization accelerator, a divalent cationic metal

oxide, and a polyvalent metal cationic compound.

The latex composition for dip molding of claim 12, wherein the cross-linking agent composition includes a vulcanizing
agent, a vulcanization accelerator, and a polyvalent metal cationic compound.

The latex composition for dip molding of claim 12, wherein the cross-linking agent composition includes a polyvalent
metal cationic compound.

A molded article comprising a layer derived from the latex composition for dip molding of claim 1.

The molded article of claim 15, wherein the molded article has a modulus at 500% of 4 to 20.5 and a stress retention
rate of 40% to 70%.
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FIG. 1
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FIG. 2
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